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Endothelin receptor-A is required
for the recruitment of antitumor T cells
and modulates chemotherapy induction
of cancer stem cells
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Background: The endothelin receptor-A (ETRA) plays an important role in tumor cell migration, metastasis, and
proliferation. The endothelin receptor B (ETRB) plays a critical role in angiogenesis and the inhibition of antitumor
immune cell recruitment. Thus dual blockade of ETRA and ETRB could have significant antitumor effects.

Results: Dual ETRA/ETRB blockade with macitentan (or the combination of the ETRA and ETRB antagonists BQ123 and

BQ788) did not enhance antitumor immune cell recruitment. In vitro studies demonstrate that ETRA inhibition prevents
the induction of ICAM1 necessary forimmune cell recruitment. When used as a single agent against human tumor xeno-
grafts, macitentan demonstrated non-significant antitumor activity. However, when used in combination with chemo-
therapy, macitentan specifically reduced tumor growth in cell lines with CD133* cancer stem cells. We found that ETRA is
primarily expressed on CD133* CSC in both cell lines and primary human tumor cells. ETRA inhibition of CSC prevented
chemotherapy induced increases in tumor stem cells. Furthermore, ETRA inhibition in combination with chemotherapy
reduced the formation of tumor spheres.

Methods: We tested the dual ETRA/ETRB antagonist macitentan in conjunction with (1) an antitumor vaccine and (2)
chemotherapy, in order to assess the impact of dual ETRA/ETRB blockade on antitumor immune cell infiltration and ovar-
ian tumor growth. In vitro murine and human cell line, tumor sphere assays and tumor xenograft models were utilized to
evaluate the effect of ETRA/ETRB blockade on cell proliferation, immune cell infiltration and cancer stem cell populations.

Conclusions: These studies indicate a critical role for ETRA in the regulation of immune cell recruitment and in the CSC

resistance to chemotherapy.

Background

The endothelin system, including endothelin 1, 2, 3 and 4 (ET-1,
ET-2, ET-3 and ET-4) and the endothelin receptors ETRA and
ETRB, was first identified as a significant modulator of vascular
tone. Endothelins are now also recognized as important factors
in the pathophysiology of cancer.! Endothelins influence tumori-
genesis and cancer progression in multiple malignancies includ-
ing ovarian, breast, colon, lung, stomach, prostate, bladder, renal
cell and hepatocellular carcinoma.'” The endothelin axis may
have particular importance in the pathogenesis of ovarian cancer.
Ninety percent of malignant ovarian tumors express endothelin
receptors and ET-1 and ET-1 levels are elevated in patients with

advanced ovarian cancer.!®!!
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A significant body of work has linked ETRA and ovarian
cancer tumorigenesis. ET1 stimulation of ETRA increases
tumor cell proliferation inhibits apoptosis, and increases inva-
sion and tumor migration leading to metastatic spread.>-!?
The inhibition of ETRA decreases the growth of HEY ovar-
ian cancer xenografts both alone and in combination with
paclitaxel.'®>141¢ ETRA has also been linked to an epithelial-
mesenchymal transition (EMT) and chemotherapy resistance
in ovarian cancer.” In addition to their role on cancer cells,
ET-1 and ETRA are also overexpressed on tumor-associated
cells including fibroblasts, macrophages and endothelial cells
and thus endothelins also modulate the tumor microenviron-
ment (inducing angiogenesis, increasing bone metastasis, etc.).
Based on the numerous roles of ETRA in tumorigenesis various
ETRA specific inhibitors are currently undergoing investigation
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as anticancer therapies in ovarian cancer and castrate-resistant
prostate cancer.!%2

While less studied, ETRB also appears to play an important
role in promoting tumorigenesis. ETRB activation is reported to
have overall pro-tumorigenic activity.? We have demonstrated
that inhibition of ETRB expression on tumor vasculature leads to
a reduction in antitumor immune cell infiltration into the tumor
microenvironment thus promoting tumor survival through the
evasion of the host immune response.?? Additionally, ETRB plays
a role in promoting tumor angiogenesis by inducing endothelial
cell survival, proliferation and invasion."

Given the pro-tumorigenic roles of ETRA and ETRB, dual
antagonism of these receptors is an appealing anticancer strat-
egy. Macitentan is a high affinity dual ETRA/ETRB antagonist
developed for its therapeutic potential in treating pulmonary
hypertension.?>** While macitentan primarily targets ETRA it
also inhibits ETRB (-50:1 ratio). In this study, we investigated
the effect of combined ETRA/ETRB blockade using the dual
ETRA/ETRB antagonist macitentan and combined therapy
with the ETRA and ETRB specific antagonists BQ123 and
BQ788, respectively, in murine and human tumor xenograft
ovarian cancer models. We hypothesize that dual ETRA/ETRB
blockade will produce a synergistic effect leading to greater anti-
tumor effects compared with blocking either receptor alone. In
addition, ETRA/ETRB blockade in conjunction with vaccine
therapy could be extremely potent, inhibiting tumor cell growth,
angiogenesis and promoting antitcumor immunity. Our findings
indicate that ETRA signaling is necessary for the recruitment of
antitumor immune cells and that ETRA may play a role in the
chemotherapy resistance of cancer stem cells.

Results

Macitentan in vitro activity is dependent on expression of
ETRA and ETRB. We first investigated the expression of ETRA
and ETRB on human ovarian cancer and endothelial cell lines.
Quantitative real time PCR demonstrated that ETRA mRNA is
highly expressed in the human ovarian cancer cell lines A2780
and A2008, but is not expressed in Ovcar5 or the murine ID8
ovarian cancer cell line (Fig. 1A). ETRB was primarily expressed
on endothelial cells including human dermal microvascular
endothelial cells (HDMEC) and the murine brain endothelial
cell line bEnd.3 (Fig. 1A). We then treated each cell line with
ET-1 with and without macitentan. Cell counts were compared
after 72 h of treatment. Consistent with the lack of ETRA or
ETRB expression, we found that macitentan had limited activ-
ity vs. the OVCAR5 human ovarian cancer cell line and the
murine ID8 ovarian cancer cell line (Fig. 1B). Macitentan had
greatest activity against A2008 and A2780 ovarian cancer cells
(IC,, 1 M) (Fig. 1B1). When combined with cisplatin, maciten-
tan demonstrated additive activity against A2780 cells (Fig. 1C).
Macitentan also demonstrated growth inhibitory activity against
both human and murine endothelial cells (Fig. 1B2), which
primarily express ETRB, with a similar TD50 of 1 wM. These
results demonstrate the specificity of macitentan’s actions on cells

which express ETRA or ETRB.
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Antitumor immune cell recruitment requires ETRA. Our
previous work demonstrated ETRB blockade leads to an increase
in endothelial ICAM-1 expression with a concomitant increase
in antitumor T cell migration into tumors. Secondary to this
amplification in local immune response, the efficacy of vaccine
therapy was significantly increased when used in combination
with ETRB blockade.?*?® Therefore, we next tested if macitentan
could enhance the activity of a tumor vaccine and suppress tumor
growth. Animals were vaccinated with apoptotic ID8 cells (or
PBS alone controls) and then injected with ID8 tumors as previ-
ously described.?? Animals were treated daily via oral gavage with
either vehicle or macitentan. Vaccine therapy alone demonstrated
modest reductions in tumor volume (Fig. 2A). Consistent with
our in vitro data demonstrating limited activity of macitentan on
ID8 cells, treatment of ID8 tumors with macitentan alone did
not significantly affect tumor volume. Surprisingly, combined
treatment with macitentan and vaccine therapy also yielded no
enhancement of antitumor vaccine activity (Fig. 2A).

In order to determine if the lack of macitentan enhancement
of vaccine activity was due to insufficient ETRB blocking activ-
ity of macitentan or due to the presence of ETRA blockade, we
repeated this tumor vaccine experiment using the ETRA and
ETRB specific antagonists BQ123 and BQ788. Confirming
our previously reported results, ETRB antagonism with BQ788
enhanced the activity of antitumor immune responses and
restricted tumor growth (Fig. 2B). However, like that observed
with macitentan, combined ETRA/ETRB blockade with BQ123
and BQ788 did not demonstrate any enhancement of vaccine
efficacy (Fig. 2B). Immunohistochemical analysis of tumors
confirmed increased infiltration by CD8* cells only in BQ788
treated tumors (Fig. 2C). Thus in the presence of ETRA antag-
onism, the enhancement of tumor vaccine activity induced by
ETRB blockade is lost. This suggests an essential role for ETRA
in the recruitment of antitumor T cells.

ICAM-1 expression with ETRA and ETRB blockade.
Since previous reports demonstrated ETRB antagonism leads
to increased ICAM-1 expression on endothelial cells thus pro-
moting immune cell recruitment, we next investigated the effect
of specific ETRA blockade, ETRB blockade and combined
ETRA/ETRB blockade on ICAM-1 expression. HDMEC cells
were treated with ET-1 alone or in combination with the ETRA
antagonist BQ123, the ETRB antagonist BQ788, macitentan,
or a combination of BQ123 and BQ788. As observed previ-
ously, treatment with the ETRB specific antagonist BQ788 led
to increased expression of ICAM mRNA (Fig. 2D). Treatment
with the ETRA specific antagonist BQ123 alone had no effect
on ICAM expression. Consistent with the essential role observed
for ETRA in immune cell recruitment in vivo, treatment with
macitentan or dual blockade of ETRA and ETRB did not result
in increased ICAM expression. These results demonstrate that
in the presence of ETRA blockade, ETRB blockade does not
increase ICAM-1 expression. This implies that ETRA stimula-
tion is necessary for the increase in ICAM-1 expression produced
by ETRB antagonism.

Macitentan treatment of ovarian cancer mouse xenografts.
Next we tested the in vivo efficacy of macitentan in a human
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Figure 1. Macitentan in vitro cytotoxicity with and without chemotherapy. (A) gRT-PCR demonstrating the expression of ETRA and ETRB by

human (1) and mouse (2) ovarian cancer and endothelial cell lines. Human ovarian cancer cell lines include A2008, A2780 and Ovcar5. Human
dermal microvascular endothelial cells (HDMEC) are used as endothelial source. The murine ID8 ovarian cancer cell line and MS1 and bEnd.3 (brain
endothelial cells) are used as a source of endothelial cells. (B) Viable cell percentage (relative to DMSO controls) of tumors cells (1) and endothelial
cells (2) treated with increasing does of macitentan. Macitentan demonstrates activity (1C,; ~1 uM) vs. both cell lines (A2008 and A2780) which
demonstrate ETRA expression, but not against OVCARS5 cells which do not express ETRA . Macitentan demonstrates activity against both human and
murine endothelial cells. ET-1 and DMSO treatment are shown as controls. (C) Macitentan cytotoxicity in A2008 cells in combination with Cisplatin
demonstrates additive activity.
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Figure 2. Macitentan treatment of ID8 tumors with and without vaccine therapy. (A) ID8 tumors injected in mice treated with macitentan alone, ID8
cell vaccination alone or combination of macitentan and vaccine. Tumor volume over 56 d demonstrates modest activity of the tumor vaccine but
no additional activity with the addition of macitentan. (B) ID8 tumors in mice treated with ID8 cell vaccination alone, vaccine + BQ788 (ETRB antago-
nist) or vaccine + BQ788 (ETRB antagonist) + BQ123 (ETRA antagonist). Tumor volume over 56 d was measured demonstrating additive activity of
vaccine+BQ788 which is inhibited in the presence of ETRA antagonism with BQ123. (C) Immunohistochemical CD8 labeling of ID8 tumors treated in
(B) demonstrating increased CD8 T cell infiltration in tumors treated with vaccine and BQ788. (D) Levels of ICAM-1 mRNA in HDMEC cells after 24 h of
treatment with ET-1 (necessary for increased ICAM-1 expression) and BQ123, BQ788, BQ123 + BQ788 or macitentan.

ovarian cancer cell line xenograft tumor model. We used both the
A2008 and the A2780 cell lines which demonstrated response to
macitentan in vitro, with and without cisplatin. One week after
subcutaneous tumor implantation, mice were treated daily via
gavage with vehicle control or macitentan. Animal survival was
recorded over an 80 d period. In both A2008 and A2780 tumor
cell lines, the Kaplan-Meier survival curve demonstrated no sig-
nificant (p = 0.14 and p = 0.24, respectively) increase in survival of
mice treated with macitentan alone (Fig. 3A1 and 2). Given the
increased activity of macitentan in combination with cisplatin in
vitro, we repeated this experiment comparing cisplatin treatment
alone and cisplatin + macitentan therapy. The addition of maciten-
tan to cisplatin had no impact on A2008 cell growth. However,
the addition of macitentan to cisplatin demonstrated a significant
improvement in response of the A2780 cells to cisplatin therapy.
ETRA blocks chemotherapy induced tumor stemness. ETRA
activation has been associated with an epithelial-mesenchymal
transition (EMT) and chemoresistance in ovarian cancer cells.!”
Both EMT and chemoresistance are hallmarks of cancer stem
cells (CSC).?* Our group and others have demonstrated that

www.landesbioscience.com

ovarian cancer stem cells in ~40% of patients can be defined by
the expression of CD133.%% In CDI133" tumors, ALDH enzy-
matic activity can be used to define CSC.?>** Given the increased
efficacy of cisplatin therapy with macitentan and the link of
ETRA with phenotypic characteristics of CSC, we analyzed
ETRA expression in the different populations of ovarian CSC.
We analyzed ETRA mRNA expression in FACS isolated ALDH*
and ALDH- cells from ovarian cancer cell lines which do not
express CD133 (A2008 and SKOV3) and in ALDH*-CD133*"
cells from cell lines which do express CD133(A2780 and PEO1).
We found that in CD133" cell lines, ETRA was equally expressed
in ALDH* and ALDH- cells (Fig. 4A). In contrast, among the
CD133* cell lines (A2780 and PEO1) we found that ETRA
expression was primarily expressed in the ALDH*/CD133* and
ALDH/CD133* cells (Fig. 4B). Interestingly, in cells isolated
from primary human ovarian tumors, we observed ETRA expres-
sion in ALDH*CD133, ALDH-CD133*, and ALDH*CD133*
CSC but no expression in the ALDHCD133 cells (Fig. 4C).
We next tested the impact of macitentan on the percentages of
CSC in the above cell lines. As single agent therapy, macitentan
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Figure 3. Macitentan treatment of ovarian cancer human tumor xenografts. (A) (1) A2008 xenografts and (2) A2780 xenografts treated with maciten-
tan daily vs. placebo demonstrating increased survival for A2780 tumors treated with macitentan. (B) (1) A2008 and (2) A2780 xenografts treated with
cisplatin with and without macitentan. Once again the addition of macitentan improved survival in the A2780 tumors only.

had no impact on the percent of CSCs. Consistent with previous
reports, cisplatin therapy was associated with a concomitant
increase in the percentage of both ALDH* and ALDH*/CD133*
CSCs.”> We then tested the impact of concurrent cisplatin and
macitentan therapy on CSC percentages. Interestingly, treatment
with macitentan or the ETRA specific antagonist BQ123
prevented this chemotherapy induced increase in stemness
(Fig. 5A). The ETRB antagonist BQ788 had no impact on
stem cell percentages (data not shown). Finally, we tested the
impact of cisplatin vs. cisplatin + macitentan on the formation
of tumor spheres from CD133+ ascites cells of a patient with
platinum refractory ovarian cancer. The addition of macitentan
to cisplatin lead to a 2-fold reduction in the number of tumor
spheres (Fig. 5B). This data indicates that ETRA may play a role

in CD133"* tumor stem cell resistance to chemotherapy.
Discussion

We demonstrate here that, consistent with previous studies, the
endothelin axis represents a potential therapeutic target in ovar-
ian cancer. The dual ETRA/ETRB antagonist macitentan dem-
onstrated anti-ovarian cancer activity primarily in combination
with cisplatin. We found that ETRA is preferentially expressed
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in CD133* ovarian CSC and may play a role in CSC resistance
to chemotherapy. However, our study also elucidates some of
the difficulties of targeting the endothelin axis and may explain
the disappointing results of endothelin antagonist in the clinic.
Specifically, we have found that ETRA activation appears to be
necessary for the recruitment of antitumor T cells. Thus, while
ETRA may effectively inhibit the growth of cancer cells, the ben-
efit of these actions on cancer cells may be counter-acted by the
inhibition of the antitumor immune response.

Endothelin receptors and antitumor immunity. Both the
dual endothelin receptor antagonist macitentan and combined
therapy with the specific ETRA/ETRB antagonists BQ123 and
BQ788 prevented the increase in vaccine therapeutic efficacy
associated with isolated ETRB inhibition. Consistent with this,
our in vitro studies indicated that ETRA stimulation is neces-
sary for the upregulation of ICAM-1 in the presence of ETRB
blockade. Our studies are also in line with reports demonstrating
an essential role for ETRA in lymphocyte recruitment in models
of pleurisy®® and the role of Endothelin in regulating the cellular
migration of several cell types.***” Our finding implies oppos-
ing roles of ETRA and ETRB in the regulation of immune cell
recruitment. Similarly opposing roles for ETRA and ETRB have
been reported in the regulation of dendritic cells, cardiovascular
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disease, and pulmonary function.® Our
data continues to support a role for target-
ing the endothelin axis as a potential means
to enhance antitumor immune response
based therapies. However, ETRB specific
antagonists need to be developed for clini-
cal use.

ET receptors and cancer stem cells.
Consistent with reports for endothelin
receptors as active in both hematopoietic
stem cells and brain cancer stem cells,>
we observed that ETRA was specifically
expressed on CD133* ovarian CSC in cell
lines and in patient samples. In patient
samples we also observed some expression
in ALDH*CDI133" cells, however, given
the mixed populations of cells derived
from whole tumor cell suspensions, it is
possible that the ETRA expression in these
ALDH*CD133" cells is derived from non-
tumor cells.

While ETRA antagonism had mini-
mal impact on CSC as a single agent, it
significantly abrogated the chemotherapy
induced increase in cancer stem cells. Given
CSC have been linked with epithelial mes-
enchymal transition (EMT), our observa-
tions linking ETRA and the induction
of “cancer stemness” is in line with a link
between the endothelin axis and EMT.""#
Recent reports suggest that cancer stem cell
markers are induced in patient samples fol-
lowing treatment with chemotherapy. Of
particular interest, CD133 was the only
stem cell marker which correlated with
platinum resistance. Our findings for a role
of ETRA in ovarian cancer stemness have
significant clinical implications. If these
antagonists are capable of potentiating
chemotherapy by preventing an increase in
“cancer stemness” they could significantly
reduce the risk of ovarian cancer recur-
rences. Our studies also indicate that these
agents will work primarily in conjunction
with chemotherapy and not as a single
agent. This may explain some of the disap-
pointing clinical trial results observed with
ETRA inhibitors as a single agent,*** and
supports the use of ETRA targeting agents
in conjunction with chemotherapeutics.**

Targeting endothelin receptors in can-
cer patients. Our results add to a growing

literature regarding the role of the endothelin axis in tumori-
genesis. In particular our studies support targeting ETRA to

enhance chemotherapeutic efficacy.®
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Figure 4. ETRA is preferentially expressed in CD133+ ovarian cancer stem cells. (A) qRT-PCR
demonstrating a lack of differential expression of ETRA in ADLH* and ALDH- cell populations

of SKOV3 and A2008 cell lines (which do not express CD133). (B) gRT-PCR demonstrating
preferential expression of ETRA in CD133* cells from A2780 and PEO1 cell lines. (C) qRT-PCR
demonstrating preferential expression of ETRA in ALDH*CD133- ALDH-CD133* and ADLH*CD133*
primary human ovarian cancer stem cells vs. ALDH-CD133" progenitor cells.

However, the results are
tempered by our findings that ETRA antagonism also blocks

the recruitment of antitumor immune cells to the tumor micro-
environment. Taken together, we would propose that the best
means to target the endothelin axis in ovarian cancer patients
would be to use ETRA specific antagonists in combination
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Figure 5. (A) FACS analysis (1) and average fold change (2) of A2780 cells treated with cisplatin, macitentan, or cisplatin + macitentan. Cell percentages
are indicated in the respective quadrants. (B) Tumor spheres formed from 5,000 ascites cells collected from a platinum refractory ovarian cancer

with chemotherapy as primary treatment. After completion of
chemotherapy, ETRB specific antagonists could be used as con-
solidative/maintenance therapy to both inhibit angiogenesis and
promote antitumor immunity.

Materials and Methods

Cell culture and cytotoxicity assays. ID8 and A2008 cells
were obtained from Dr Coukos (University of Pennsylvania).
A2780 and PEOL cells were obtained from Dr Murphy
(Duke University). OVCARS cells were obtained from Dr Liu
(University of Michigan). All cells were cultured in RPMI10
with 10% FBS and penicillin-streptomycin. For cytotoxicity
studies, ~2,000 cells were plated at ~30% confluence overnight in
96-well plates and then treatment with macitentan (macitentan
given daily for 3 d) with or without cisplatin (250 ng/ml given
for 1 d). After 72 h cell viability was assessed using MTT assay
(Invitrogen) per manufacturer’s instructions. For tumor sphere
assays, A2780 cells were plated at 40% confluence overnight and
then treated with cisplatin (250 ng/ml) with or without maciten-
tan (1 uM, given daily for 3 d). On day 5, 2,000 live cells (based
on trypan blue staining) from each treatment group were plated
in low adhesion plates in tumor sphere media.” Total sphere
number was counted 7 d after plating in sphere media.
Quantitative real time PCR (QRT-PCR). RNA was isolated
using traditional TRIZol or Nano-RNA isolation protocols
(nano protocol was used for RNA isolated from FACS isolated
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CSC) per manufacturer’s protocol (Invitrogen). mRNA was then
reverse transcribed Superscript I1I first-stand synthesis system for
RT-PCR (Invitrogen) according to the manufacturer’s recom-
mendations. Ten nanograms of cDNA was then used for each
subsequent PCR reaction. All samples were analyzed in dupli-
cate with SYBR-green based using the StepOne system (Applied
Biosystems) as previously described.?

Flow cytometry. APC-Anti-CD133 (Miltenyi Biotec) and
ALDEFLOUR (StemCell Technologies) enzymatic activity
based cell isolation was performed as previously described.?” Flow
cytometric analysis was performed on a BD Biosciences FACS
Calibur through the University of Michigan Flow Cytometry
Core, and data analysis performed using FlowJo (Tree Star, Inc.).

Tumor xenograft studies. C57BL6 mice or NOD-SCID mice
were obtained from Charles River Laboratories. Animals were
maintained in accordance with institutional policies and all stud-
ies were performed with approval of the University Committee
on Use and Care of Animals. All tumor vaccine studies were
performed as previously described.? Briefly, C57BL6 mice were
vaccinated with 20 x 10° UV irradiated/apoptotic ID8 cells.
Animals were vaccinated weekly for 3 weeks and then after one
week 20 x 10° live ID8 cells were injected in 200 pl of Matrigel
(BD Biosciences) subcutaneously into the axilla of C57BL6 mice.
Treatment with macitentan (20 pg/Kg given daily via gavage
dissolved in 0.5% (w/w) methylcellulose/water), or BQ788 or
BQ123 (300 pg/dose/mouse given IP 3 times/week for 2 weeks)
was initiated one week after tumor injection. Tumor growth was
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measured using calipers and volumes were calculated based on
the modified ellipsoid formula (L x W x W/2). At the time of
sacrifice, tumors were resected and snap frozen for IHC with
anti-CD8 as previously described.

Human tumor xenografts were generated as previously
described.? Briefly, 1 x 10° A2008 or A2780 cells were injected
in 200 pl of growth factor reduced Matrigel into the axillae of
immunodeficient mice. Tumors were allowed to engraft for 3 d
and then were treated with macitentan daily as above with our
without Cisplatin (250 pg/kg) given IP daily for 3 d.

Human tumor ascites processing and tumor sphere assays.
Tumor ascites was processed as previously described.?” Briefly,
ascites associated cells were concentrated by centrifugation and
then red blood cells were lysed using ACK buffer (Lonza). Cells
were then passed through a 40 pwm filter followed by 4 passes
through a round tip 28 G needle to isolate single cells. Five thou-
sand cells were then plated in tumor sphere media in non-adher-
ent plates. Spheres were allowed to form for 14 d and were then
mechanically separated by pipetting and replated together with
cisplatin (100 ng/ml) or cisplatin + macitentan. After 4 d, media
was replaced and total sphere number was assessed after 14 d of
growth.

Conclusions

We evaluated the impact of dual ETRA/ETRB antagonism in
ovarian cancer cell lines. We observed that dual ETRA/ETRB

antagonism has mixed activity on the tumor. Our previous
results demonstrated that ETRB blockade can enhance antitu-
mor immune cell recruitment. Here we show that the enhance-
ment of immune cell recruitment is lost in the presence of ETRA
antagonism. However, we also observed that ETRA is specifically
expressed on a subset of CD133* ovarian cancer stem cells. ETRA
blockade appears to prevent chemotherapeutic induction of can-
cer stem cells and works best in combination with chemotherapy
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